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ABSTRACT 


Wind  tunnel  tests  were  conducted  at  Mach  number  10  on  a  9-deg 
half-angle  cone  model  using  a  unique  dynamic  stability  balance  having 
three  angular  degrees  of  freedom.  Data  obtained  at  Rejg  =  1.97  x  10® 
on  models  having  different  types  of  compound  asymmetries  have  re¬ 
vealed  vast  differences  in  the  developed  motion.  A  model  with  a 
center-of -gravity  offset  and  a  small,  out-of-plane  nose  slice  as  the 
second  asymmetry  was  found  to  have  a  totally  unexpected  type  of  in¬ 
stability.  The  instability  was  the  rapid  divergence  of  the  precession 
arm  caused  by  a  Magnus-type  moment  resulting  from  an  out-of-plane 
force  generated  by  the  nose  slice.  When  the  slice  was  removed 
(sharp  nose  model)  and  the  second  asymmetry  applied  by  using  a  small 
tab  at  the  base,  the  classical  roll  resonance  was  found. 


AEDC-TR-70-1 


CONTENTS 

Page 


NOMENCLATURE .  vi 

I.  INTRODUCTION .  1 

II.  APPARATUS  AND  PROCEDURE 

2.  1  Three -Degree-of-Freedom  Dynamic  Balance  ....  1 

2.2  Model .  3 

2.3  Wind  Tunnel .  3 

2.4  Test  Procedure  and  Conditions .  4 

HI.  METHOD  OF  DATA  ANALYSIS .  4 

IV.  RESULTS  AND  DISCUSSION .  7 

V.  CONCLUDING  REMARKS .  12 

REFERENCES .  14 

ILLUSTRATIONS 

Figure 

1.  Balance  Assembly .  2 

2.  Coordinate  Systems .  2 

3.  Model  Geometries .  3 

4.  Typical  Data  Obtained  from  Three-Degree-of-Freedom 

Dynamic  Balance .  4 

5.  Variation  of  the  Stability  Derivatives  with  Pd/2V(JJ  for 

the  Sharp  Nose  Symmetrical  Model  (Config.  1)  .  .  .  .  8 

6.  Trends  of  the  Modal  Vectors  as  a  Function  of  Mean 
Time 

a.  Config.  2 .  10 

b.  Config.  3 .  11 

7.  Rolling -Moment  Coefficient  as  a  Function  of  Total  Angle 

of  Attack,  Config.  2,  Rejg  =  1.  97  x  10^ .  12 

8.  Comparison  of  the  Modal  Vectors  of  Configs.  3  and  4  as 
a  Function  of  Mean  Time 

a.  Config.  3 .  13 

b.  Config.  4 .  13 


v 


AEDC-TR-70-1 


CMp* 

CMq 

Cj^ 

CMa 

cmpj3 

cmq 

cma 

Cn 

Cn 

npo- 

Cn 

nr 

cn/3 

cnj3 

d 

I 

JX 

l*w 

Kn,  p, 1 
2. 

M. 

P 


NOMENCLATURE 

Reference  area  (model  base  area) 

Rolling -moment  coefficient,  rolling  moment/ q^Ad 
8CJe/8(Pd/2Vj 

Pitching-moment  coefficient  of  a  model  which  has 
triagonal  or  greater  symmetry  (independent  of  model 
roll  orientation),  pitching  moment/q^Ad 

CMp0  =  Pmp^  =  Cnpoj  Magnus -moment  coefficient 

CMq  =  Cmq  =  Cnr,  damping-in-pitch  derivative 

coefficient 

CM^=  Cmit  =  -Cn^  damping-in-pitch  derivative 
coefficient 

CMq,=  Cmff  =  -Cn/j,  slope  of  the  pitching -moment 
coefficient  curve 

Pitching -moment  coefficient,  pitching  moment/ q^Ad 

82Cm/8(Pd/2Vj90 

0Cm/8(qd/2Vaj) 

8Cjj^/9or 

8Cm/8(ffd/2Vj 

Yawing-moment  coefficient,  yawing  moment/q^Ad 

82cn/8(Pd/2V00)8a 
aCn/aird^VJ 
8Cn/8  /3 
8Cn/8(j3d/2  VJ 

Reference  length  (maximum  model  diameter.  Fig.  3) 
Transverse  moment  of  inertia 
Axial  moment  of  inertia 

Nutation,  precession,  and  trim  complex  modal  vectors 
Model  projected  length  (Fig.  3) 

Free-stream  Mach  number 
Roll  rate 


vi 


q 

q® 

Rei 


r 

t 


tm 

V. 

XYZ 

AAA 

XYZ 


X'J'Yrj'Z'J' 


zcg 


A 

a 


O'Y 

apt 


A 

3 

0,*,* 


u 


n,  p,  t 


SUPERSCRIPTS 


AEDC-TR-70-1 

I 

Pitch  rate 

Free -stream  dynamic  pressure 

Free-stream  Reynolds  number  based  on  model 
projected  length 

Yaw  rate 

Time 

Mean  time 

Free-stream  velocity 
Body  coordinates  (Fig.  2) 

Nonrolling  body  coordinates  (Fig.  2) 

Tunnel  fixed  coordinates  (Fig.  2) 

Displacement  of  tne  model  center  of  gravity  from  the 
axis  of  symmetry  along  the  Z  axis  (Fig.  3) 

Angle  of  attack  relative  to  the  nonrolling  coordinates 

Total  angle  of  attack  (»x  -  arcs  in  £) 

Component  of  the  total  trim  angle  which  acts  about  the 
Z  axis  (Fig.  3) 

Angle  of  sideslip  relative  to  the  nonrolling  coordinates 

Angles  of  pitch,  yaw,  and  roll  (Fig.  2) 

Nutation  and  precession  damping  rates 

Complex  angle  of  attack  (3  +  in) 

Angle  between  the  plane  of  the  total  angle  of  attack 
and  the  XZ  body  plane  (Fig.  3) 

Angular  position  of  the  slice  relative  to  the  XZ  body 
plane  (Fig.  3) 

Nutation,  precession,  and  trim  angular  circular 
frequencies  (u^  =  ♦) 


’  First  and  second  derivatives  with  respect  to  time 

~  Complex  quantities 

SUBSCRIPT 

o  Quantity  at  reference  condition 


vii 


AEDC-TR-7  0:1 


SECTION  I 
INTRODUCTION 


The  present  work  is  a  continuation  of  studies  at  the  von  Karman 
Gas  Dynamics  Facility  (VKF)  which  are  directed  toward  the  under¬ 
standing  of  the  dynamic  motions  of  slender  bodies  which  have  slight 
asymmetries  and  three  angular  degrees  of  freedom.  The  experimen¬ 
tal  wind  tunnel  data  were  obtained  using  a  dynamic  balance  which  has 
a  spherical  gas  bearing  as  the  pivot  and  allows  the  model  to  have  three 
angular  degrees  of  freedom.  The  tests  were  conducted  at  Mach  number 
10  in  the  50- in.  -diam  Tunnel  C  (Gas  Dynamic  Wind  Tunnel,  Hypersonic 
(C))  of  the  VKF  at  a  Reynolds  number  (Re^)  of  1.  97  x  10®.  Data  were 
obtained  on  a  9-deg  half- angle  cone  model  with  two  types  of  compound 
asymmetries  which  yielded  separate  types  of  instabilities  when  roll 
resonance  was  approached. 


SECTION  II 

APPARATUS  AND  PROCEDURE 


2.1  THREE-DEGREE-OF-FREEDOM  DYNAMIC  BALANCE 

A  sketch  of  the  balance  assembly  is  shown  in  Fig.  1.  The  balance 
consists  of  a  spherical  gas  bearing  pivot,  a  three-axis  variable  reluc¬ 
tance  angular  transducer,  a  model  release  mechanism,  and  a  model 
locking  device.  The  spherical  gas  bearing  provides  a  nearly  friction¬ 
less  pivot  which  is  desirable  for  dynamic  stability  testing  at  hypersonic 
speeds  where  it  is  necessary  to  minimize  tare  damping.  The  variable 
reluctance  angular  transducers  provide  continuous  analog  signals  pro¬ 
portional  to  the  angular  displacements  ^  and  ©of  the  nonrolling  axes 
(Fig.  2)  and  provide  roll  rate  data.  Models  can  be  released  from  an 
initially  pitched  position  with  an  initial  roll  rate  using  the  displacement 
arm  and  arm  lock  (Fig.  1).  Both  of  these  initial  conditions  can  be 
varied.  The  rotating  arms  are  used  to  lock  the  model  at  zero  angle  of 
attack.  The  turbine  and  air  jets  (Fig.  1)  are  used  to  increase  or  de¬ 
crease  model  roll  rate  when  the  model  is  in  the  locked  position.  These 
same  air  jets,  when  pulsed  together,  may  be  used  to  induce  angular 
motion. 
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Fig.  1  Balance  Assembly 
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Section  C-C 


Fig.  2  Coordinate  Systems 
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2.2  MODEL 

A  sketch  of  the  model  used  during  the  tests  is  shown  in  Fig.  3.  The 
model  was  designed  such  that  the  pivot  point  of  the  balance  could  be  lo¬ 
cated  either  on  (zcg/d  =  0)  or  off  (zcg/d  =  0.  01065)  the  model  centerline. 
The  latter  provided  one  asymmetry,  and  the  second  asymmetry  was 
provided  by  adding  either  a  small  trim  tab  at  the  base  or  by  slicing  the 
nose  as  shown  in  Fig.  3.  The  nose  slice  angle,  6 ]\j,  could  be  varied 
through  the  range  =  0  to  360  deg.  The  model  was  dynamically  bal¬ 
anced  about  the  XYZ  axes,  and  its  center  of  gravity  was  coincident  with 
the  balance  pivot  point. 


Axis  of  Symmetry.  Parallel  to  X  Axis  -i 
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Fig.  3  Model  Geometries 


2.3  WIND  TUNNEL 

Tunnel  C  is  a  continuous,  closed-circuit,  variable  density  wind  tun¬ 
nel  with  an  axisymmetric  contoured  nozzle  and  a  50-in. -diam  test  section. 
The  tunnel  can  be  operated  at  a  nominal  Mach  number  of  10  or  12  at  stag¬ 
nation  conditions  from  200  to  2000  psia  at  1900°R  and  from  600  to  2000 
psia  at  2350°R,  respectively.  The  model  may  be  injected  into  the  tunnel 
for  a  test  run  and  the  retracted  for  model  cooling  or  model  changes  with¬ 
out  interrupting  the  tunnel  flow. 
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2.4  TEST  PROCEDURE  AND  CONDITIONS 

The  test  procedure  was  to  in¬ 
ject  the  model -balance  assembly 
into  the  tunnel  flow  and  release  the 
model  into  motion  at  the  desired 
initial  conditions.  After  a  suffi¬ 
cient  amount  of  data  had  been  ob¬ 
tained,  the  model  was  locked  and 
retracted  from  the  flow.  While  the 
model  was  in  motion  the  analog  sig¬ 
nals  from  the  angular  transducers 
were  input  directly  to  an  analog-to- 
digital  converter  and  stored  on 
magnetic  tape  (a  typical  example  of 
these  data  is  shown  in  Fig.  4  where 
every  tenth  data  point  is  plotted ) . 
The  data  on  magnetic  tapes  were 
then  input  to  a  CDC  1604-B  digital 
computer  for  final  data  reduction. 

The  tunnel  and  test  conditions 
were  as  follows: 


deg 


Fig.  4  Typical  Data  Obtained  from 
Three-Degree-of-Freedom 
Dynamic  Balance 


M  Stilling  Chamber  Stilling  Chamber  q„,  Vm,  RepxlO"6 
_ pressure,  psia  temperature,  °R  psfa  ft/ sec  ^ _ 

10.21  750  1891  154  4764  1.  97 

The  nominal  moments  of  inertia  for  the  test  models  were  as  follows: 

I,  slug -ft ^  lx*  slug-ft2 

0.244  0.0376 


SECTION  III 

METHOD  OF  DATA  ANALYSIS 

Data  were  reduced  using  the  linear  tricyclic  theory  in  nonrolling 
coordinates  which  was  set  forth  by  Nicolaides  (Ref.  1).  This  is  the 
only  theory  which  describes  the  motion  of  a  rolling,  oscillating  rigid 
body  in  a  relatively  complete  manner.  The  tricyclic  solution  (Eq.  (3)) 
was  fitted  to  the  displacement-time  data  obtained  from  the  wind  tunnel 
tests  using  a  data  reduction  program  called  "WOBBLE"  (Ref.  2),  which 
uses  a  least-squares  differential  correction  fitting  method. 
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The  three -degree -of -freedom  equations  of  motion  for  a  symmet¬ 
rical  rigid  body,  which  include  the  effects  of  a  small  compound  asym¬ 
metry*  (Fig.  3),  may  be  written  relative  to  a  nonrolling  body  coordi¬ 
nate  system  XYZ  (Fig.  2)  as  follows: 


P  = 


Ad 


C|  [Pd/2V<J  +  Lofecg.  0'.  «*T.  «*pt)/Ix 


IX  -p  (*) 

i  +  [G(t)  +  iH(t)]  l  +  [J(t)  +  5K(t)]  i  =  L  (zcg,  <f>',  a t,  apt)/I  ^ 


where 


£  =  /3  +  ia  =  -if/  +  i® 
Ad’ 


G  =  - 


2  VI 


(Cm„  +  Cm*) 


H 


Iv 

-r  p 


q  Ad 

J  -  -  Cm. 


Ad2 
2V..  I 


CMpaP 


L  =  iMo  exp(i  4>  (t)) 

Mo  =  q*,  Ad  (Cm0  +  i  c„0) 

<t>  =  J  *  Pdt  (for  P  »  V  sin  0,  see  Fig  2) 

0 


In  deriving  Eq.  (2),  it  is  assumed  that  both  the  principal  aerody¬ 
namic  moments  acting  on  the  model  and  the  transverse  moments  of 
inertia  of  the  model  are  independent  of  roll  position  ($).  It  has  also 
been  assumed  that  the  motion  is  restricted  to  small  total  angles  of 
attack.  The  present  tests  were  conducted  under  conditions  of  constant 
density  and  velocity;  therefore,  the  dynamic  pressure,  qm,  was  con¬ 
stant. 

The  moments 

Lq  fecg»  ^  ®pi)»  at,d  L  (zCgf  0  ,  dT>  ®pt) 

are  a  rolling  moment  and  a  trim  moment  which  result  from  slight 
aerodynamic  and  mass  asymmetries.  They  are  dependent  on  quantities 

*Compound  asymmetry  refers  to  a  center-of-gravity  offset 
(zcg,  Fig.  3)  combined  with  an  out-of-plane  (XZ  model  plane)  aero¬ 
dynamic  trim  (apt). 
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relative  to  the  body  fixed  coordinates,  XYZ.  Unlike  the  trim  asym¬ 
metry  moment,  which  has  a  negligible  effect  on  the  model  motion 
except  at  resonance,  the  roll  moment  resulting  from  a  configuration 
asymmetry  can  produce  significant  roll  acceleration  and,  thus,  be 
the  dominant  moment  in  Eq.  (l)(Refs.  3,  4,  and  5). 


The  tricyclic  solution  is  obtained  by  using  the  additional  restric¬ 
tion  that  the  coefficients  of  the  differential  equation  of  pitching -yawing 
motion,  Eq.  (2),  remain  constant.  This  assumption  reduces  Eq.  (1)  to 


P  =  0 

The  tricyclic  solution  is  given  as^ 


£  =  K„  expj(An  +  ia)n)tj  +  Kpcxp^Ap+  icjp)t]  +  Kt  exp(i  <$>  t) 


(3) 


where 


An.p  =  _ 


(O 


n,p 


(»- v?  -  e- 


-  .  Mo 

kt  =  i  — 


I  t($  -  con  )(0  —  cov )  +  An  Ap  +  i  [A„  ($  —  (Op )  +  Ap  (<5  —  co„ )]  1 


and 


8  = 


K 


CH 

2 


^The  subscripts  n  and  p,  denoting  nutation  and  precession,  are 
used  throughout  Section  III  as  a  convenient  notation.  The  nutation 
arm  is  identified  after  fitting  the  data  as  the  arm  having  the  largest 
absolute  frequency  (|un|  >  lupl)  and  the  same  rotation  direction  as 
the  roll  rate. 
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The  complex  constants,  Kn  and  Kp,  are  determined  by  the  initial  con¬ 
ditions.  DeMoivrc's  theorem  (Ref.  6)  is  used  to  obtain  the  exact  ex¬ 
pressions  for  the  modal  damping  rates  (Xn,  p)  and  circular  frequencies 

<wn,p>- 


Once  the  modal  damping  rates  and  frequencies  have  been  deter¬ 
mined  by  the  iterative  fitting  process,  the  aerodynamic  coefficients 
may  be  obtained  by  using  the  following  relations: 


2  vM  i 

CMq  -  r;M«  =  +  v 


(-M„  = 

Cm 


a  vA.l 

2V„  I 


(cu,!  (On  —  Xp) 


,Jpa 


a  Ad1"  •  P  •* 


(4) 


In  order  to  obtain  the  effective  rolling-moment  coefficient,  Cjpg, 
the  total  rolling  moment  (Mx)  may  be  evaluated  by  simply  multiplying 
the  axial  moment  of  inertia  times  the  roll  acceleration  to  obtain 


Mx  =  lx  P 


c‘-  - 

where  C^.-p  is  the  total  rolling -moment  coefficient.  The  roll- damping- 
moment  coefficient,  Cjgp,  for  these  experiments  was  calculated  as 
outlined  by  Walchner  in  Ref.  7,  and  was  then  determined  as 

CfE  = 

As  would  be  expected,  the  damping  contribution  to  the  total  rolling 
moment  was  found  to  be  extremely  small. 


SECTION  IV 

RESULTS  AND  DISCUSSION 


The  symmetrical,  sharp-nose  model  (Config.  1)  was  first  tested 
at  various  spin  rates  corresponding  to  values  of  Pd/2Vm  up  to 
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about  0.  0008.  Data  obtained  from  these  runs  are  shown  in  Fig.  5  and 
show  the  static  and  dynamic  derivatives  to  be  constant  as  Pd/2Va>  is 
increased  from  0  to  0.  0008.  Shown  also  in  Fig.  5  are  the  theoretical 
predictions  of  CMq,  and  CMq  +  Cj/id-  The  experimental  CMq,  agrees  quite 
well  with  the  conical  flow  field  theory,  and  the  damping  derivatives  are 
in  good  agreement  with  Brong's  unsteady  flow  field  analysis  (Ref.  8). 


■  10. 21 

Rej  - 1. 97  X  106 
Xgj/1  -0.645 

-  udftVg,  -  0.00046-1/radian 


Pd/ZVgj  x  104 ,  1/radian 


rpm 


Fig.  5  Variation  of  the  Stability  Derivatives  with  Pd/2V„  for  the  Sharp 
Nose  Symmetrical  Model  (Conftg.  1) 

Data  obtained  from  Configs.  2  and  3  (the  models  with  compound 
asymmetries)  are  shown  in  Fig.  6.  In  these  figures  the  magnitudes 
(K)  and  rates  (u)  of  the  rotating  vectors  from  the  tricyclic  solution 
(Eq.  (3))  are  shown  as  a  function  of  mean  time.  The  values  plotted 
are  those  obtained  during  the  incremental  "fitting"  of  the  data  and  may 
be  thought  of  as  representing  the  "envelope  of  the  motion.  "  For  exam¬ 
ple,  the  sum  of  Kn,  Kp,  and  Kt  is  the  maximum  total  angle  of  attack 
reached  during  a  cycle  of  oscillation. 
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Close  inspection  of  the  trends  of  the  K's  and  u's  with  time  in 
Fig.  6a  reveals  two  unexpected  developments.  First,  the  reader 
should  note  that  the  nose  slice  is  oriented  at  =  270  deg.  Using 
Fig.  3,  one  would  expect  the  model  to  trim  with  the  slice  moving 
into  the  wind  (positive'!')  and  thereby  produce  a  positive  side-force 
coefficient,  Cy,  and  in  turn  produce  a  positive  rolling  moment  (see 
Eq.  (1))  and  a  positive  roll  rate.  Figure  6a  shows  the  roll  rate  (w^) 
to  be  negative.  Two  independent  measurements  (static -force  meas¬ 
urements  and  a  one-degree-of-freedom  gas  bearing)  of  the  negative 
trim  angle  produced  by  the  slice  in  this  orientation  have  been  made 
and  agree  with  the  value  of  about  -0.  1  deg  which  was  calculated 
from  the  present  data.  Newtonian  predictions  give  the  trim  induced 
by  the  slice  to  be  about  0.  7  deg.  A  hypothesis  to  the  cause  is  given 
later. 

Figure  6a  represents  data  from  a  model  which  had  three  angular 
degrees  of  freedom,  a  compound  asymmetry  (which  would  drive  Ut  >  Un) 
and  which  was  released  at  initial  conditions  approximately  equal  to 
zero.  One  would  expect  that  with  these  conditions  roll  resonance  would 
occur.  This,  in  fact,  happened  at  tm  «  190  sec  where  wt  =  Un  and  Kt 
began  to  diverge.  These  data  appeared  to  behave  properly  until  about 
tm  =  200  sec  when  the  precession  arm  (Kp)  began  to  diverge,  the  trim 
arm  began  to  damp  and  the  model  later  "broke  out"  of  persistent  roll 
resonance.  This  was  the  second  unexpected  development.  It  should 
be  noted  that  even  though  Kt  began  to  damp,  Kp  was  diverging  quite 
rapidly  and  provided  a  total  amplitude  (Kn  +  Kp  +  Kt)  divergence. 

Figure  6b  shows  the  same  type  of  data  with  the  model  nose  slice 
oriented  at  =  90  deg.  The  model  was  released  at  an  angle  of 
attack  of  about  6  deg  with  a  slightly  negative  roll  rate.  The  model 
damped  initially,  spun  through  roll  reversal  and  at  about  tm  =  160  sec 
the  trim  arm  (Kt)  began  to  amplify.  At  the  same  time,  however,  Kp 
started  to  diverge  and  lock-in  never  occurred.  Note  that  the  same 
type  of  instability  seen  in  Fig.  6a  was  present. 

When  the  model  was  locked  into  persistent  roll  resonance  (Fig.  6a) 
the  motion  was  lunar  (ut  =  wn),  giving  the  model  a  preferred  windward 
meridian,  and  the  center  of  gravity  was  on  the  windward  side.  The 
out-of-plane  force  produced  by  the  asymmetries  produces  a  moment 
which  acts  about  an  axis  which  is  perpendicular  to  the  X  axis  at  the 
center  of  gravity  and  is  contained  in  the  plane  of  the  total  angle  of 
attack.  This -moment  has  the  same  effect  as  a  Magnus  moment;  how¬ 
ever,  it  should  not  be  confused  with  the  classical  Magnus  moment 
since  it  is  not  a  result  of  the  Magnus  effect.  At  conditions  other  than 
lunar  motion,  the  magnitude  of  the  out-of-plane  force  will  oscillate 
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and  the  net  effect  of  the  out-of-plane  moment  is  not  as  great.  This 
may  be  seen  by  comparing  Figs.  6a  and  b  as  the  growth  of  the  pre¬ 
cession  arm  (Kp)  was  more  rapid  during  roll  resonance  (Fig.  6a). 

In  Fig.  6a  the  precession  arm  (Kp)  begins  to  diverge  when  the  model 
locked  into  resonance  and  later  reached  a  level  greater  than  K*. 

This  caused  the  elliptical  coning  motion  of  the  model  (afi  plane)  to 
change  from  lunar  nutational  motion  to  precessional  motion.  3  Lunar 
motion  can  only  exist  when  the  motion  is  nutational  and  resonant. 
When  the  precession  arm  (Kp)  began  its  rapid  increase,  the  model 
"broke  out"  of  resonance  (Fig.  6a),  and  the  spin  rate  (tot)  decreased 
in  absolute  value.  As  the  spin  rate  became  sufficiently  far  away 
from  the  resonant  condition,  the  effect  of  the  oscillating  out-of-plane 
force  diminished  and  then  leveled  off  and  began  to  damp. 


a.  Configuration  2 

Fig.  6  Trends  of  the  Modal  Vectors  as  a  Function  of  Mean  Time 


^Nutational  motion  (Kn  +  Kt  >  Kp)  is  the  condition  where  the 
coning  motion  of  the  model,  viewed  in  the  ap  plane,  has  the  same 
direction  as  the  spin  rate  (ut).  Precessional  motion  is  the  opposite. 
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1  b.  Configuration  3 

‘Y  Fig.  6  Concluded 

Figure  7  shows  the  effective  rolling -moment  coefficient,  Cgg,  as 
a  function  of  total  angle  of  attack.  The  data  are  shown  to  indicate  both 
the  low  level  of  the  coefficient  and  the  nonlinearity  implied  by  the  pre¬ 
vious  figures.  During  static -force  tests  conducted  using  this  configura¬ 
tion  that  were  previously  mentioned,  it  was  hoped  that  the  rolling 
moment  could  be  measured  as  a  function  of  roll  position  and  total  angle 
of  attack.  These  data  were  inconclusive  because  of  the  lack  of  balance 
resolution  needed  to  measure  the  low  rolling  torque  present. 

Faced  with  the  realization  that  the  nose  slice,  which  was  used  as 
the  second  asymmetry  for  the  above-mentioned  experiments,  had  not 
provided  the  simple  roll  resonance  situation  that  had  been  desired,  it 
became  apparent  to  the  authors  that  similar  situations  could  occur  with 
other  investigators.  For  example,  those  persons  working  with  numer¬ 
ical  procedures  such  as  generating  trajectories  from  six-degree -of - 
freedom  computer  programs  could  arbitrarily  input  a  CmQ  to  produce 
an  aerodynamic  trim  and  get  entirely  different  motion  results  than  the 
flight  vehicle.  This  is  especially  true  for  the  case  of  a  vehicle  having 


11 


AEDC-TR-70-1 


an  unsymmetrical  nose  caused  by  ablation.  In  addition,  the  obvious 
question  which  arises  is,  ''Why  does  the  slice  trim  opposite  to  that 
predicted  by  theory?"  The  answer  may  be  that  the  slice  produces  an 
unsymmetrical  flow  field  and  a  localized  separated  region  which  pro¬ 
vides  the  negative  pressure  field  needed  to  move  the  slice  away  from 
the  wind.  A  more  detailed  study  is  needed  to  fully  answer  this  ques¬ 
tion. 


aT.  deg 


Fig.  7  Rolling-Moment  Coefficient  as  a  Function  of  Total  Angle  of  Attack, 
Configuration  2,  Reg  =  1.97  x  10® 

Finally,  to  compare  the  motion  of  models  having  different  types  of 
asymmetries,  a  sharp  nose  model  with  the  center-of-gravity  offset  com¬ 
bined  with  an  out-of -plane  trim  tab  out  the  base  (Config.  4)  was  tested. 
These  data  are  shown  in  Fig.  8b  and  should  be  compared  with  the  data 
in  Fig.  8a  which  are  from  Config.  3.  These  later  data  on  Config.  4  show 
the  classical  roll  resonance.  The  previous  data  (Config.  3)  show  the 
model  motion  to  be  vastly  different  and  demonstrate  a  type  of  instability 
which  is  felt  to  be  new.  This  instability,  because  of  its  nature,  was 
called  a  precessional  instability. 


SECTION  V 

CONCLUDING  REMARKS 


Wind  tunnel  tests  were  conducted  at  =  10  using  a  dynamic 
balance  having  three  angular  degrees  of  freedom.  Data  were  obtained 
at  a  Reynolds  number  of  1.  97  x  10^  on  a  symmetrical  and  an  unsym¬ 
metrical  9-deg  half-angle  cone  model.  From  an  analysis  of  these  data, 
the  following  conclusions  may  be  drawn: 
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1.  The  dynamic  and  static  derivatives  (CMq  +  Cm© 
and  CMq.)  were  found  to  be  essentially  invariant 
with  Pd/2Voo(0  to  0.  0008  l/radian)  for  the  sharp 
symmetrical  cone. 

2.  The  motion  of  a  model  tested  with  a  center- of  - 
gravity  offset  and  an  out-of-plane  nose  slice  was 
found  to  have  a  precessional  instability  which 
occurred  near  roll  resonance  (ut  =  un)  and  caused 
the  precession  arms  to  diverge  rapidly  and  damp 
the  trim  arm. 

3.  The  motion  of  a  model  tested  with  the  center-of- 
gravity  offset  and  an  out -of -plane  trim  tab  at  the 
base  was  found  to  develop  into  that  described  as 
classical  roll  resonance. 


Mean  Time,  tm,  sec 


Mean  Time,  tm,  sec 


a.  Configuration  3  b.  Configuration  4 

Fig.  8  Comparison  of  the  Modal  Vectors  of  Configurations  3  and  4 
as  a  Function  of  Mean  Time 
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Wind  tunnel  tests  were  conducted  at  Mach  number  10  on  a  9-deg 
half-angle  cone  model  using  a  unique  dynamic  stability  balance  having 
three  angular  degrees  of  freedom.  Data  obtained  at  Re^  =  1.97  x  106 
on  models  having  different  types  of  compound  asymmetries  have  re¬ 
vealed  vast  differences  in  the  developed  motion.  A  model  with  a 
center-of -gravity  offset  and  a  small,  out-of-plane  nose  slice  as  the 
second  asymmetry  was  found  to  have  a  totally  unexpected  type  of  in¬ 
stability.  The  instability  was  the  rapid  divergence  of  the  precession 
arm  caused  by  a  Magnus-type  moment  resulting  from  an  out-of-plane 
force  generated  by  the  nose  slice.  When  the  slice  was  removed 
(sharp  nose  model)  and  the  second  asymmetry  applied  by  using  a  small 
tab  at  the  base,  the  classical  roll  resonance  was  found. 
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